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DERMATITIS IN LEUKOPENIC GUINEA PIGS*
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Recent studies in this laboratory have shown
that an acute allergic contact dermatitis reaction
can take place in sensitized, severely leukopenic
guinea pigs (1, 2, 3). In studies reported here we
turn our attention to the histopathological pic-
ture accompanying the clinical dermatitis in such
leukopenic pigs. In addition, we have concomi-
tantly studied the effect of profound leukopenia on
the primary irritant reaction.
The guinea pigs were rendered leukopenic by 1)
whole body x-ray or 2) cyclophosphamide (Cy-
toxan®). 2, 4-Dinitrochlorbenzene (DNCB) was
used as allergic contactant and croton oil as
model primary irritant. Challenge sites were ex-
amined both clinically and histologically.
METHODS
All guinea pigs used in these investigations were
of an albino Hartley strain. Sensitization was
achieved via the footpad injection of 1 mgm
DNCB in propylene glycol. Challenge sites were
prepared by close shaving the skin and marking
test areas with a 2.1 cm diameter marking ring.
The primary irritant response was tested with
0.02 cc croton oil in absolute ethyl alcohol.t
Croton oil concentrations ranging from 0.1%
to 2.0% were used in different experiments. The
0.1% concentration evokes weak but definite
clinical reactions in healthy animals; it is particu-
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t Mineral oil is a less reliable vehicle for croton
oil. It produces reactions of a much greater vari-
ability than those produced with croton oil!
ethanol. Additionally, the croton oil/mineral oil
reaction tends to appear, reach maximum in-
tensity and resolve more rapidly than the croton
oil/ethanol reaction, and thereby, is more dis-
tantly related to the rather slowly evolving
allergic contact dermatitis reaction.
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larly useful for the clinical evaluation of non-
specific cutaneous reactivity. As might be ex-
pected, the higher concentrations of croton oil
evince more intense clinical and histological re-
sponses. The DNCB allergic response was elicited
2 to 8 weeks following sensitization by the applica-
tion of 0.04 cc of 0.1% DNCB in ethyl alcohol
pipetted onto the 2.1 cm prepared test site.
Specimens for histology were processed in the
routine way; sections generally were stained with
hematoxylin and eosin.
Panleukopenia was produced by one of two
methods:
1. Whole body x-ray (HVL 1.3 mm copper).
In different experiments groups of animals re-
ceived 1000, 1200 or 2000 roentgen. These x-ray
dosages are well above the guinea pig LD,00;
many of the animals sickened and died within 48
hours of irradiation while others survived as long
as 8 days. As in other species, whole body x-ray
induces a rapidly developing lymphopenia whereas
concomitant granulocytopenia evolves more
slowly. For instance, in a group of guinea pigs
given 1200 r whole body x-ray, the peripheral WBC
declined from a control value of 9000 (P65%,
L35%) to Day 1—6000 (P85%, L15%), Day 2—
4000 (P90%, L10%) and Day 3—1000 (P70%,
L30%). There was wide variation from average in
individual animals.
2. Cyclophosphamide (Cytoxan®). Several
different dosage schedules of cyclophosphamide
were used, each with the purpose of achieving
greatest leukopenia with least morbidity and
mortality. In individual animals cyclophospha-
mide was continued until an appropriate leuko-
penia had been achieved. Illustrative of the effect
of eyclophosphamide on the circulating white cell
is a group of guinea pigs given drug 20 mgms daily
for 6 days; average control WBC counts of 11,000
(P55%, L45%) changed in the following manner:
Day 5—3000 (P20%, L80%); day 7—1500 (P20%,
L80%); day 9—1000 (P10%, L90%); day 12—
6000 (P60%, L40%); day 14—8000 (P70%, L30%).
In this, as in other experiments with eyelophos-
phamide in the guinea pig, the granulocyte proved
considerably more sensitive than the lymphocyte.
Responses: dermatitis in all animals was ar-
bitrarily graded 0 to 4+ (Table I and II).
RE5ULT5
1. Control animals (normal WBC). Within 2 to
8 hours following application of croton oil, there
was definite erythema and, with higher croton oil
concentrations, varying degrees of induration.
Histologically at this time there was little or no
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TABLE I
Clinical Response
0
1+
2+
3+
4+
0
minimal but definite redness
patchy but not confluent redness
confluent redness
confluent redness and induration
confluent redness and induration
with ulceration
cellular infiltrate or other histopathological
change. Between 18 and 24 hours the clinical re-
actions reached their peak; whereas, the most
fully developed microscopic picture was seen be-
tween 24 and 48 honrs. Histological study showed
the first and dominant infiltrating cell in eroton
oil dermatitis to be the polymorphonuclear leuko-
cyte. In mild reactions (± to 2 +) the infiltrate
was mainly perifollicular; whereas severe reac-
tions (graded 3 + to 4+) showed additionally a
subepidermal infiltrate which occurred in a dense
bandlike pattern. Paralleling the follicular con-
centration of the dermal infiltrate, the external
root sheath of the hair follicle generally demon-
strated edema and disorganization before similar
changes were seen in the epidermis (Fig. 1).
2. Cyclophosphamide animals (leukopenic).
Clinically, the croton oil skin reactions of these
leukopcnic guinea pigs generally were less intense
than those of control animals. Specimens were
taken from the 24-hour croton oil challenge sites
in leukopenic animals and in normal animals with
comparable gross reactions (in some instances
using reduced croton oil concentrations in order
to achieve clinical matches). The histological
reactions of the leukopenic guinea pigs were
markedly reduced both in terms of cellular in-
filtration and epidermal damage as against clin-
ically comparable control animals. Histologically,
cyclophospbamide-induced leukopenia markedly
attenuated the histopathological croton oil
dermatitis (Fig. 2).
Histological Response
0 0
Epidermis—normal
Dermis—a few infiltrating cells
1+ Epidermis—rare focus uf exocytosis
Dermis—minimal cellular infiltration
in the upper part of the dermis
(perifollicular, diffuse or intra-
papillary)
2+ Epidermis—minimal exocytosis and/
or spongiosis
Dermis—moderate cellular infiltrate
3+ Epidermis—mild exocytosis, occasional
epidermal microabscesses, mild
spongiosis
Dermis—moderate cellular infiltrate,
minimal edema of the dermis and
capillary dilatation
4+ Epidermis—spongiosis and necrosis
(follicular and surface) with numer-
ous microabseesses
Dermis—heavy cellular infiltrate;
edema of upper part of the dermis
and capillary dilatation
3. X-irradiated animals (leukopenic). X-ray
induced leukopenia regularly affects a mild re-
duction in clinical response of croton oil derma-
titis. Histologically, however, the dermatitis is
dramatically suppressed and the degree of histo-
logical suppression correlates well with the degree
of leukopenia (Fig. 3).
DNCB
1. Control animals, (normal WBC). Eight hours
after application of DNCB challenge, well-sensi-
tized animals demonstrated definite erythema at
the test site. Histological examination of biopsy
ha. 1. Croton Oil Dermatitis in Control Guinea Pig: (Normal WBC)—24 hour specimen; Clinically 3+;
Histologically 3+. The overlying epidermis shows spongiosis and liquefaetive degeneration of the
basal cell layer. There is exocytosis, particularly of the follicular epidermis with formation of micro-
abscesses. The infiltrating calls are mainly PMNL and these concentrate perifollicularly. The collagen
bundles are swollen and fragmented.
Fm. 2. Croton Oil Dermatitis in Cyclophosphamide Guinea Pig: (WBC 650)—24 hour specimen; Clini-
cally 3+; Histologically 1+. A rare polymorphonuclear and mononuclear cell can be seen invading the
otherwise normal epidermis. The dermal infiltrate is minimal. Collagen bundles are swollen and frag-
mented.
TABLE II
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FIGs. 1—2
FIG. 3. Croton Oil Dermatitis in Irradiated Guinea Pig. (WBC400)—24 hour specimen; Clinically 3+;
Histologically 1+ to 2+. The epidermis appears normal. There is a sparse perifollicular infiltrate, a
mixture of PMNL and mononuclear cells. The dermis is slightly edematous.
FIG. 4. DNCB Reaction in Control Guinea Pig: (Normal WBC)—24 hour specimen; Clinically 3+;
Histologically 3+. The follicular and overlying epidermis show moderate exocytosis. The dermal infil-
trate is moderate and diffuse, but primarily perifollicular and perivascular. The papillary collagen bun-
dles are fragmented.
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FIG. 5. DNCB Dermatitis in Cyclophosphamide Guinea Pig: (WBC 150)—24 hour specimen; Clinically
2+; Histologically 0. The epidermis is normal. No infiltrate is seen in the dermis.
FIG. 6. DNCB Dermatitis in Irradiated Guinea Pig: (WBC 260)—24 hour specimen; Clinically 2+;
Histologically 0 to trace. The epidermis is normal. There is no significant cellular infiltrate. Capillaries
are dilated and a few RBC are extravasated. The large space in the dermis is artefact.
409
410 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
specimens taken at this time showed a mild diffuse
mononuclear infiltrate that concentrated pen-
vascularly in the upper part of the dermis;
epidermal changes were minimal or absent.
Generally, by 24 hours both clinical and histo-
pathological changes were maximal (Fig. 4).
2. Cyclophosphamide treated animals (leuko-
penia). As with the croton oil reaction in similar-
ily treated guinea pigs, clinically the DNCB
challenge in these leukopenic animals is somewhat
less intense than in comparably sensitized control
animals. In contrast, the cyclophosphamide sup-
pression of the histopathological reaction is many
times more marked and resembles in degree the
cyclophosphamide suppression of the croton oil
reaction. These leukopenic animals showed no
infiltrate either perifollicular or in the dermal
papillae; little or no epidermal changes were seen
(Fig. 5).
3. X-irradiated animals (leukopenic). Clinically
the DNCB challenge responses in these animals
were as depressed as their croton oil reactions; thus,
the simultaneous DNCB reactions in the x-ir-
radiated animals tended to be somewhat weaker
than in the control group. However, whole body
x-ray severely inhibited expected histopathological
changes; there was a marked decrease or virtual
absence of cellular infiltrate in the dermis and
virtually no evidence of epidermal damage (Fig.
6).
DIscussIon
Here, as well as in experiments published else-
where, we have found that severe lymphopenia
does not specifically suppress the delayed hyper-
sensitivity challenge response as illustrated by
the DNCB allergic contact dermatitis reaction in
the guinea pig (1, 2, 3). This would appear to
contradict the view that the delayed hypersensi-
tivity reaction is specifically mediated by the
circulating lymphocyte (4, 5, 6, 7, 8).
Our experiments emphasize the factor of the
general reactivity of the skin in evaluating the
delayed hypersensitivity responses, especially
allergic contact dermatitis. Cyclophosphamide
and, much more regularly, high doses of whole
body x-ray (1000 to 2000r) clinically depress the
primary irritant contact dermatitis reaction. We
interpret this as indicative of a general reduction
in the reactivity of the skin. As expected, the
simultaneous DNCB allergic contact dermatitis
challenge reaction in such animals is also de-
pressed. This depression (which may be quite
profound in pre-terminal animals), we would not
wish to interpret as a specific depression of the
]JNCB clinical challenge reaction.
Histologically, it was evident that the DNCB
allergic contact dermatitis reaction would occur
clinically in the absence or virtual absence of
mononuclear infiltrate. This finding emphatically
calls into question the proposition that specific
circulating lymphocytes are necessary for the
development of the allergic contact dermatitis
reaction.
It appeared from a study of serial sections of
numerous specimens from both control and ex-
perimental animals that the most severe epider-
mal changes were spatially as well as temporally
preceded by an adjacent dermal infiltrate. Leu-
kopenia appeared to protect the epidermis from
the damage that would otherwise be expected in
(for instance) a 2 + clinical dermatitis. These
findings suggest that a significant part of the dam-
age to the epidermis in the dermatitic reaction is
secondary to a cellular infiltrate and/or the toxic
products thereof (9).
In view of the fact that the clinical reactions of
allergic contact and primary irritant dermatitis
can occur in the face of profound leukopenia and
accompanied by only the most trivial histopatho-
logical change, it would seem likely that the der-
mal infiltrate is a secondary rather than primary
mover. Further, it would seem that these second-
ary leukocytic invaders are responsible for a
good part of the damage seen histopathologically.
SUMMARY
DNCB allergic guinea pigs were made severely
leukopenic with either whole body x-irradiation
(1000—2000r) or multiple doses of cyclophospha-
mide (Cytoxan®). When leukopenic, they were
challenged with DNCB nnd, also, a primary
irritant (croton oil); and biopsy specimens taken
of the skin reactions.
X-ray and cyclophosphamide produced an in-
hibition that was slight clinically but marked
histopathologically in both the allergic contact
and primary irritant dermatitis.
REFERENCES
1. MAGIJIRFI, H. C., Jn. AND MAIBAcH, H. I.:
Profound leukopenia does not block the
DNCB allergic contact dermatitis challenge
response in guinea pigs. Fed. Proc., 22: *2,
017, 1963.
2. MAIBAdH, H. I. AND MAGUIRE, H. C., Ju.:
ERMATITIS IN LEUKOPENIC GUINEA PIGS 411
Elicitation of delayed hypersensitivity(DNCB contact dermatitis) in markedly
panleukopenic guinea pigs. J. Invest. Derm.,
1963, in press.
3. MAGUIRE, H. C., JR., AND MAIBACH, H. I.:
Failure of whole body X-irradiation to in-
hibit the delayed hypersensitivity challenge
response, to be published.
4. CoHEN, S. G., MAYER, L. D. AND CRIEp, L. H.:
The effect of X-irradiation on experimentally
produced cutaneous sensitivity. J. Invest.
Derm., 16: 91, 1951.
5. BURDICK, K. H.: The influence of whole body
X-irradiation on epidermal hypersensitivity:
correlation with lymphocyte response. Acta.
Dermat. vener. (Stockholm), 37: 110, 1957.
6. WILHELM, R. E., Fxsnxa, J. P. AND COOKE,
R. A.: Experimental depletion of mononu-
clear cells for the purpose of investigating
reactions of the allergic contact type. J.
Allerg., 29: 493, 1958.
7. INDERBITZIN, T.: Histamine in Allergic Re-
sponses of the Skin in Mechanisms of Hyper-
sensitivity, pp. 493-499. Ed. by Shaffer,
J. H., LoGrippo, G. A. and Chase, M. W.,
Boston, Little Brown & Co., 1959.
8. WAKSMAN, B. H., ARBOWYS, S. AND ARNASON,
B. G.: The use of specific "lymphocyte"
antisera to inhibit hypersensitive reactions
of the delayed type. J. Exp. Med., 114: 997,
1961.
9. MENKIN, V.: Biology of inflammation. Science,
123: 527, 1956.
DISCUSSION
DR. RUDOLF L. BARR (New York, N. Y.): One
of the striking features here, of course, is that the
reactions observed by Dr. Zagula and her co-
workers really lack some of the characteristics of
what one would call a contact dermatitis. Cer-
tainly in man, but also in the guinea pig, one
would expect to see some epidermal changes.
While the question of the inception of allergic
reactions in the epidermis or cutis has not been
resolved, it is difficult to conceive of an eczema-
tous contact dermatitis without any epidermal
changes whatsoever.
